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Solve for convective film coefficient using: Principles of Heat Transfer by Kreith

kJ := 1000J mbar := 10" “bar WPa = 10 ®a
T; = (273.15- 25)K T;=248.15K  p, :=10.28uPa-s Wiig = 267.5uPa:s
J k k
Cliq = 1019 —— Pliq = 1565~ py = 1639
kg-K m m
ky = 0.00Qﬂ Klig == 0.053£ o= .014E surface tension at 247K
m-K q m-K m
kJ kJ kJ
hjiq = 173.7— hy = 275.6 — Ah = hy, = hy; Ah =1019-—  X:= Ah
d kg kg d kg
Q = 240W L1 :=2m
-3k
X; = 0.05 Xo = 0.85 mdot=— 2 mdot = 2,044 x 10 >
(Xo - xi)-x s
Tube dimensions t:=.012in wall thickness
4.9 2
Cp = 4.9mm - 2:t Cp = 7mm -t W = 2mm Ap = W Cp + TGy
Ac
Pc = 2:Wg + 2:T0C, Dpy i= 4= Dy, = 5.272:mm Ap=Ag
mdot k
61 .= M4 Gl = 127.7917g
At m--s
240W W . .
flux = = Nfjux = 6.866 x 103-— Teat = Tj Tgat = 248.15K fluid saturation
PeL1 m2 temperature
W . . .
Ky = 200—K aluminum tube wall for Tgg; = 238K the saturation pressure is 1.67bar
m-
Hig CI
P:=167lbar P =1671x10 Pa Prlig = — Prliq = 5143
Kiig
kqu -8 m2
QUjg = ———— Qg = 3.323x10 — thermal diffusivity
Plig Cliq $
Condition for nucleate boiling to occur
0.5
8-0-Nejyx Tsat . o .
ATp=|——7 AT, = 1.468K any differential film temp above this
X pyKiig
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.05
Reference: Kreith : really method by Chen
i==0.6 X=|5 this a linear change flow quality along the tube length
.6
v
.85
0.498
0.976
N L 1 - s
ttinverse; 1-x; by g ttinverse
10.161
15.122
33.607
1.829
2.67
5.913
Fttj = 2.35-(xtti,m,ersei + 0.213)0'736 Ftt = | 10.116
13.146
convective cooling 17528 410.986
31372 574.555
G1-(1-xi)-Dy, 08 0.4 Kiig 1040.713
hCi = 0'02{T} Prijq——Ftti he = | 1360304 zi
1478678 | M K
1566.271
1610.082

h. is the cooling from forced convection. The next step is to calculate the cooling from
evaporation.

Solving for evaporation requires assuming a temperature difference between the tube wall and the
saturation temperature of the fluid. After calculating this contribution we can solve for this temperature
difference through the combination of both cooling mechanisms. If the end result agrees with the
assumption, the process stops otherwise the process is repeated with a new assumed ATgg;

G1l-(1-x)-D B
Retp. = ( ) h-(Ftti)l'25~1O 4 needed to calculate Sy
' Hiq
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0.509 0.995
0.774 0.991
1.626 0.981
114791 _
Retp = | 2.272 Sttj = [1 + O.12~(ReTp_) } Stt = | 0.974 | essentially constant over
|
2.522 0.971 the tube length
2.71 0.969
2.805 0.968

For the assumed AT g4 (wall temp-fluid saturation temp) we calculate the value of APgg for C3F8. This

value is the change in saturation pressure corresponding to the change in fluid temperature. At -25C the
change in saturation pressure per degree C is 6800Pa, or for 5C ATg4;, the change is 34000Pa

ATgyt = 477K temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
Apgat = ATsat'ﬁsoof Apgyq = 324.36-mbar difference
K 0.79 c 0.45 0 0.49
lig "“lig Pliq 0.24 0.75
h, :=.00122. AT A -Stt Chen
by 05 029 024 024|° st “SPsat 0

o CWig N Py

w W
hy = 1025.288.— — ho = hy, + N, ho = 1436 x 10" ——
0 m K 0 0 m -K
hqux
Atbo = - Atbo =4,78K AT assumed was 4.77C
0

For the next quality 0.1

Alsan= 49K temperature difference between wall and fluid, assumed to start the process.
) Pa b pressure difference for temperature
MPsat = ATsat'ﬁsoof Apggy = 306-mbar difference
K 0.79 c 0.45 0 0.49
) lig "“lig Plig 0.24 0.75
hb1 :=.00122- 05 029 )\0.24 024 ATgat Apggt -Stta Chen
Wig NPy

w w

P, = 964.754 —— h = hy + N, h1 = 1539 10" ——
1 m-K 1 1 m-K
Pflux
Atbl = - Atbl = 446K AT assumed was 4.5C
1
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For the next quality 0.3
Alsa= 3.74K temperature difference between wall and fluid, assumed to start the process.

) Pa pressure difference for temperature
Psat = ATsat'ﬁsoof Apgyq = 254.32:mbar difference

0.45 0.49

(070 045 0.

liq  Clig  Plig 0.24 0.75

05 029,024 024 ‘ATsat  APggr  -St2 Chen
Wig Ny

hy, = 00122

w w
hp, = 795.001—— hy = hy, + N, hy = 1836 10" ——
2 m -K 2 2 m K

B hqux
= -

Atb2 : Atb2 = 3.74K AT assumed was 3.74C

For the next quality 0.5

Alsat= 3-32K  temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
K 0.79 c 0.45 0 0.49
lig  ““ig Plig 0.24 0.75
h, :=.00122. AT A -Stt Chen
bs 05 029 024 024 | sat Psat 3
o CWig N Py
w W
hp, = 70113 —— hg = hy,_ + N, hg = 2.061x 10— —
3 m K 3 3 m -K
hqux
Atb = Atb = 3.33K AT assumed was 3.32C
3 h3 3
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For the next quality 0.6
ATsari= 319K temperature difference between wall and fluid, assumed to start the process.

) Pa pressure difference for temperature
Psat = ATsat'ﬁsoof Apggq = 216.92-mbar difference
K 0.79 c 0.45 0 0.49
lig "“lig Plig 0.24 0.75
AT A -Stt
05 029,024 024" st Psat 4
Wig NPy

hy :=.00122-
by

w w
Py, = 671.984 —— hg = hy +h, hg = 2,151 x 10" ——
4 m~-K 4 4 m-K

B hqux

Atb4 : ha

Atb4 = 3.192K AT assumed was 3.19C

For the next quality 0.7

Alsar= 31K temperature difference between wall and fluid, assumed to start the process.

) Pa pressure difference for temperature
MPsat = ATsat'ﬁsoof Apggy = 210.8-mbar difference

K 0.79 c 0.45 0 0.49
lig  Clig Pli . :
q q q | AT 0% Ap 075 sts

0.5 0.29 >\0.24 0.2
Mg Ny

hy_ = .00122-
b

w w
hp, = 651.799. —— hs = hy,_+ N, hs = 2.218x 10— —
S m~-K S S m-K

Pflux
hs
For the next quality 0.85

Atb5 = Atb5 = 3.095K AT assumed was 3.1C

Alsat:= 3.05K temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
MPsat = ATsat'ﬁsoof Apggy = 207.4-mbar difference
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K 0.79C 0.45p 0.49
B lig Clig Plig 0.24 0.75
Mg = 00122 —55 G20 o2a 024 |“Tsat  APsat St

o CWig N Py

W W
P, = 640,695 —— he = h, -+ N, hg = 2.251x 10— —
6 m -K 6 6 m K
hqux
Atb = Atb = 3.056K AT assumed was 3.05C
6 hg 6
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